The central issue of this paper is whether stock prices are exposed to total exchange rate movements as traditionally measured -or to revisions in expected future exchange rate movements and unanticipated currency shocks, and by how much of each. Based on a sample of 1675 U.S. firms operating in Europe and in Japan our results reveal that disaggregating total exchange rate changes in expected and unexpected exchange rate movements leads to a more accurate and more intuitive measurement of firms' exchange rate exposure. In addition, theory expects that investors lend more credibility to forecasts communicated by expert panels when they display a low dispersion, hinting to agreement among experts, than when they display a higher dispersion. When uncertainty is higher, and when the informational content of these forecasts may be considered as less meaningful, investors should be reluctant to incorporate experts' anticipations in stock market values. Based on a our time-varying estimates of the probability of agreement among experts, we find concluding empirical evidence in favour of this hypothesis.
Introduction
Foreign exchange rate volatility and its impact on firms' operations is a matter of crucial interest to managers, investors and public authorities (The Economist, 2012) . Despite this interest the debate regarding the way firms' foreign exchange risk exposure should be measured continues to be an issue in the world of business and international finance. Attempts to empirically assess the impact of currency movements on firm value have met with mixed results (Jorion, 1990; He and Ng, 1998; Gri n and Stulz, 2001 ) even though it is clear that from a theoretical perspective exchange rate a↵ect both firms' future cash flows and their cost of capital. To solve this puzzle, recent studies devote a lot of attention both to firm-specific (Bartram et al., 2010; Chang et al., 2013) and market-wide (Chaieb and Mazzotta, 2013) characteristics ; another strand of the literature puts more emphasis on the way firms' foreign exchange risk exposure are measured.
1 Among these papers the study of Dominguez and Tesar (2001) is one of the first to investigate the impact of the specification of the exchange rate factor used when measuring companies' foreign currency exposures. They demonstrate that since trade-weights do not correspond with individual firms' or industries' trade patterns, the use of trade-weighted exchange rate indices leads to an underestimation of the impact of exchange rate shocks.
2 Another set of questions regarding the exchange rate factor deals with the fact that empirically observed exchange rate variations may have been partly anticipated. While the new specification in the study of Amihud (1994) of the exchange rate factor only marginally increases the significance of firms' exchange rate exposures, Gao (2000) and Jongen et al. (2012) have shown that unexpected currency movements have significantly stronger e↵ects on firm value than the original exchange variation series. Surprisingly however the literature hasn't explored yet when and how anticipations about future exchange rate movements influence firm value and to which extent this impact could complement our understanding of firms' exposure to unanticipated currency variations.
Consensus Economics exchange rate forecasts belong to highly recognized economic forecast data that are widely disseminated among market participants and highly debated in the financial press. It seems hence natural to expect that a significant proportion of multinationals' stock price movements occur because market participants revise their expectations about future exchange rate movements. In contrast to other research fields (Schmeling and Schrimpf, 2011) the foreign exchange risk exposure literature has not until now investigated in how far the disclosure of future exchange rate movement expectations may influence multinationals' firm value. To fill this gap we explore in this paper to which extent stock prices are exposed to total exchange rate movements as traditionally measured and compare this exposure to the valuation impact of revisions in exchange rate forecasts and unanticipated currency shocks. Our main goal is to explain when total exchange rate movements may be considered as poorly performing risk factors to measure firms' currency exposure -in other words when the decomposition of these exchange risk factors in expected and unexpected currency movements allows to more reliably measure the forces that are really driving multinationals' stock returns. Moreover to assess accurately the way investors incorporate publicly disseminated exchange rate forecasts in the stock price valuation process, we analyze the impact of these forecasts and the corresponding unanticipated currency shocks on multinationals' stock price movements both when market participants agree about these forecasts and when their expectations are widely dispersed.
On a sample of a large sample of US multinationals that are active in Europe and in Japan this paper makes two important contributions: (1) We disaggregate total exchange rate movements in unanticipated and expected exchange rate movements and investigate in how far unanticipated exchange rate shocks but as well revisions in exchange rate forecasts influence the firm value of US multinationals. According to our empirical findings, this decomposition of the exchange rate factor clearly reveals that investors are very sensitive to exchange rate forecast revisions (Jongen et al., 2012) and confirms previous studies that they react also to new exchange rate movement signals to the extent to which they di↵er from what had been expected in the past. Our results suggest furthermore that the impact of this disaggregated exchange rate factor is unequivocally stronger than the impact of the seminal exchange rate factor previously used in the literature (Jorion, 1990) . (2) We hypothesize that the degree of heterogeneity among exchange rate forecasts (which may be considered as a good proxy for the level of market agreement) has a direct negative influence on the proportion of stock movements that are significantly a↵ected by revisions in exchange rate forecasts as well as by unanticipated currency shocks. In line with our expectation we observe that in stronger disagreement periods the impact of expected and unexpected exchange rate movements is lower. In contrast, when market participants agree about their forecasts, investors lend more credibility to these forecasts and stock prices are more significantly a↵ected by exchange rate forecast revisions and unexpected shocks than by total exchange rate movements.
A preliminary section of this paper details the motivation of the disaggregation of the exchange rate factor. In the third section, we describe our data sample and the research design. Empirical findings are discussed in section four and we conclude in section five.
Motivation
In their seminal article, Adler and Dumas (1984) proposed to interpret foreign exchange risk exposure as the sensitivity of the domestic-currency value of any physical or financial asset to unanticipated exchange rate movements. In their work the exposure of an asset was estimated by regressing its domesticcurrency market return on the contemporaneous unanticipated exchange rate change. As other variables might covary with exchange rate movements and stock returns, omitting them might lead to an overestimation of the proportion of variance attributable to foreign currency movements. Jorion (1990) therefore recommends an augmented market model, described in Eq. (1), which allows measuring the asset-specific exchange rate sensitivity in excess of the total market's reaction to exchange rate movements.
where R i,t k,t designates the total return of asset i in period t k to t, R m,t k,t the overall stock market return in period t k to t, i asset i's return sensitivity to market risk, X t k,t the exchange rate factor in period t, i asset i's exposure to the exchange rate independent of the e↵ect these currency movements have on the overall market, and " i,t k,t denotes the white noise error term. It should be emphasized that, according to Adler and Dumas (1984) 's seminal definition, foreign exchange risk exposure relates to 'unanticipated' changes in exchange rates. The rationalization for this specification is that current market prices are assumed to have already incorporated currency fluctuations that were anticipated. Consequently it is only to the extent that exchange rates move by more or less than had been expected that they are likely to generate losses and gains in economic value. Notice that by relating firm value to innovations in exchange rate movements rather than to total exchange rate movements, we allow investors to get accustomed to the news contained in exchange rate forecasts and hence to incorporate these forecasts in stock returns. According to this approach, firm values are determined in e cient markets where asset prices are adjusted on an instantaneous basis to whatever the market regards as the currently anticipated exchange rate. Thus in Eq.
(1) stock returns should not fluctuate in response to total exchange rate movements but in response to 'news' about exchange rate movements.
While early foreign exchange risk exposure studies hypothesize that exchange rates are unpredictable and that investors consider them as truly unpredictable (Jorion, 1990) , various approaches have previously been used in the literature to obtain an estimate of unanticipated exchange rate movements. Amihud (1994) recommends the use of an AR(1) model to estimate unanticipated currency movements. After having regressed exchange rate variations on their lagged values, he estimates Eq. (1) with X t k,t being defined as the residuals of the first regression -considering, hence, the residuals of the first regression as unanticipated exchange rate changes. As this procedure only marginally increases the significance of the results, some authors have constructed the exchange rate factor to be used in Eq. (1) to be orthogonal to fundamental variables, see for instance Gao (2000) . More recently, Jongen et al. (2012) compared two other methods to obtain unanticipated movements, on the one hand using forwards, and on the other hand using survey information from experts' forecasts. They conclude that the latter proves more dependable to this end.
While previous literature has thus addressed the concept of using unanticipated movements in this framework, the implicit assumption they make is that all the information pertaining to expected movements is already incorporated in the equity valuation, or in other words that it is already reflected in the observed price -without specifically putting that hypothesis to the test, unlike what has been done in other research areas (see for instance Schmeling and Schrimpf, 2011) .
In this study our objective is to investigate explicitly the exact manner by which the information contained in foreign exchange forecasts is incorporated in the stock valuation. Figure 2 illustrates the framework we will use throughout this paper.
At time t, all the information related to the forecasts formulated at time t k have already been fully reflected in the price P t . Hence, what really Figure 1 : Illustration of the price forming process
should influence the price at the point in time is the unanticipated exchange rate movement (X t k,t X e t k,t ), i.e.. the di↵erence between the return that was forecast at time t k for time t, designated by X e t k,t , and the actual return at time t. This is the reasoning assumed by the literature that has focused on unanticipated movements.
However, we also propose to investigate to what extent the forecast communicated at time t, therefore pertaining to time t + k, contains information that investors have assimilated and incorporated in the stock's price at time t. This information could take the form of changing market sentiment regarding the future evolution of the exchange rate (of which forecasts should, on the average, be a reflection) or in other words exchange rate expectation revisions, and also the fact that the nature of the forecast is probably somewhat leaked before the o cial date.
We extend hence the traditional regression approach of Jorion (1990) and estimate the impact on stock prices of revisions in expected exchange rate movements as well as unanticipated currency shocks:
where i1 designates the sensitivity to unanticipated movements in the exchange rates, and i2 the exposure to the next period forecast.
Should the exposure to the next period forecast prove significant, an argument could be made that the magnitude of that exposure is dependent on the perceived relevance of the provided signal. Indeed, in the situation of general agreement among forecasters concerning the evolution of the exchange rates, the data from the corresponding survey would probably be perceived as more meaningful and trustworthy by investors. Conversely, in cases of disagreement, the signal would be perceived as less clear by market participants, and consequently the exposure to the next period forecast could be expected to be lower.
By constructing a time-varying estimate of the probability that the experts are in a state of agreement, the following model could be used:
where S is the discrete, unobserved, state variable which takes value 1 in a state we identify as being a state of agreement, and 2 otherwise, i.e. a state of disagreement.
3 Sample description and research design 3.1 U.S. multinational firms
Our sample is composed of U.S. multinational firms with real operations in Japan and Europe.
4 Due to their real foreign trade and production activities, it can be expected that multinational companies are a↵ected by exchange rate movements. With the help of the Uniworld database of US Multinational Enterprises in Foreign Countries, we have identified 2026 such companies over the period 1999-2011. Of these, we have kept those for which daily stock price information was available from the University of Chicago Center for Research in Security Prices (CRSP) database, for a period of at least 60 months. This process leaves us with a sample of 1675 companies. Table 1 gives an overview of the selected multinationals' geographical dispersion. The forecasts are point forecasts against the U.S. dollar and are available for various forecast horizons ranging from 1 month to 24 months ahead. We specifically use the 3 and 12 months ahead expectations. Although the survey participants have a few days time to return their expectations, we know that the vast majority send their forecasts by e-mail on the Friday before the publication day (usually second Monday of the month). We consider this Friday to be the day on which the expectations are formed. On this Friday, we also obtain spot rates data. All spot series are obtained through Datastream and have their origin either in Reuters or Barclays Bank International.
We proceed by defining the natural logarithm of the current spot rate on a particular currency j at time t as s j,t and the natural logarithm of the k-period ahead consensus expectation formed at time t for time t + k as s e j,t,t+k and make the assumption the expectation corresponds to the unobserved 'true' market observation up to a white noise random error, so that s e j,t,t+k = E t [s j,t+k ] + " j,t+k . The k-period realized change in the exchange rate can hence be decomposed into an 'anticipated' (or expected) component and an 'unanticipated' (or noise) component:
which corresponds to
in our previous notation.
Probability of agreement among experts
First let us define a measure based on the volatility of the forecasts scaled with respect to the average at time t, as shown in Eq. (6).
An overview of the constructed series is presented in Figure 2 , and summary statistics are available in Table 2 .
To construct a time-varying estimate of the probability of agreement among the forecasters, we use a simple form of regime change model based on a twostate Markov chain, as described in Hamilton (1994) .
Our model then takes the following form:
⌫ t,t+k = µ 2 + " t for State 2 (8) where:
The model is estimated using Maximum Likelihood, and the maximization of the log-likelihood function is carried out with the help of the Expectation Maximization (EM) Algorithm. We use MATLAB for all computations, and more specifically in this case, a modified version of the package realized by Perlin (2012) .
As an example, Figure 3 shows the coe cient of variation in the case of the 3-month horizon for Europe. By visually comparing this graph with Figure 2 , we can identify the first state as being a state of agreement, i.e. with comparatively lower values for the coe cient of variation (which measures the dispersion in forecasts). Results show this is followed by a period of roughly 20 months of probable disagreement, then by a slightly shorter period of probable agreement, with the series ending with a highly probable disagreement. This interpretation is coherent with the results we could expect by observing Figure 2. 4 Empirical Findings Table 3 shows the results obtained from two models. First of all, we use a simple specification using the Value Weighted Market Returns (obtained from CRSP, which we will refer to as "Market" from now on) and the total return on the previous period. We indicate the proportion of firms in the corresponding sample significantly a↵ected, i.e., the number of firms for which the regression of their returns on the corresponding factors displayed a significant coe cient (at a level of significance of 0.05).
[ TABLE 3 ABOUT HERE] The values we obtain, ranging from 26.5% to 66.7%, for the exposure to the total market returns, contrast with previous results such as Jorion (1990) , who finds that only 5% of 287 U.S. multinational corporations exhibit significant exchange risk exposure, and Choi and Prasad (1995) ) who find that 15% of 409 multinationals are significantly exposed. Bartram and Bodnar (2012) , who study all non-financial firms and thus do not restrict their analysis to multinational firms, obtain a fraction of significant coe cients of 11.4% across 37 countries. One possible explanation for our higher numbers is that unlike most other studies, we do not rely on a basket of currencies for our foreign exchange factors. Our database allows us to determine which multinational has foreign operations in which country. This permits us to on the one hand rely on specific currencies, and on the other hand restrict our analysis to firms which are more likely to be a↵ected by movements in those currencies.
It can also be noticed that the sign of the exposure is more often positive than negative, with positive exposures ranging from 57.2% to 61.6%. Considering the fact that the factors are constructed in such a way that an increase in the factor means that the domestic currency appreciates, this means that on the average, U.S. multinationals are exposed similarly to what theory would predict importers are. The second regression corresponds to the model presented in Eq (2). We observe that by decomposing into two factors the total exposure, respectively the unanticipated return over the period, and the forecast for the next period, we obtain a larger proportion of firms significantly exposed to at least one foreign exchange factor. Increases from the previous specification vary from 7.8% to 25.9% in the case of the 3-month horizon for the Japan region. Tables 4 and 5 provide results regarding the separate e↵ect of the two factors we use, i.e. forecasts for the next period and unanticipated movements, respectively. We also propose for each situation to compare a regression that doesn't use information regarding the probability of agreement among experts to one that does.
We observe that in both cases, distinguishing between the two regimes provides a better fit to the return data, as measured by the Adjusted R-squared, although by a small margin. More firms are also found to be a↵ected by the corresponding factor if we discriminate between agreement and disagreement.
In both cases, results also show that the information represented by those factors is much more relevant for explaining firms' returns in agreement regimes than in disagreement regimes, with an average increase of 20.6% for the next period forecast, and 30.4% for the unexpected return. This result supports the intuition that forecasts should be perceived by investors as carrying more information when there is a consensus among experts, than when forecasters can't seem to agree on the future evolution of the exchange rates.
[ TABLE 6 ABOUT HERE] Table 6 shows results for the complete model we presented in Eq. (3). To allow for an easier comparison, we have also reproduced the results from a simple regression using total returns in the first part of the Table. First of all we see that the complete model is the one best able to explain the data, as the Adjusted R-squared obtained are the largest in this setting, with values ranging from 31.6% for the 3-month horizon in Europe to 49.1% for the 12-month horizon in Japan. The improvement is noticeable on a more standard framework, such as the one presented in the top of table, which corresponds to what a large number of studies use in this type of analysis.
We also see additional support for the observation that investors seem to pay more attention to forecasts when experts are in agreement, with an average of 30.6% more firms being significantly exposed to foreign exchange factors in the agreement regime. As theory and intuition would predict, widely diverging forecasts are considered less reliable by investors, and therefore have less explanatory power in the regression of the returns. This is illustrated for instance by the drop from 59.8% of significantly exposed firms for the 12-month horizon in Japan, to just 8.9% in situations of disagreement. This emphasizes the importance of discriminating between situations in which investors lend more credit to forecasts from situations in which they do less. 
